Although the use of chest drains is common in medicine, there appear to be wide variations in practice. A survey was therefore conducted to establish the current status of chest drain management in the Northwest region. A questionnaire targeted consultants practising in the specialties of chest medicine, general surgery, accident & emergency and cardiothoracic surgery. The questionnaire consisted of five sections encompassing aspects of the insertion, day-to-day care and removal of chest drains. With an overall response rate of 75.3% (110/146), important variations in every major aspect of the practice of chest drains were found between the specialties and to a large extent within each specialty. We have made a number of recommendations which aim to encourage good practice and reduce unnecessary complications, including the adoption of standardised protocols for inserting and managing chest drains.
Intercostal chest drains are commonly used to manage a variety of thoracic conditions by doctors working in diVerent specialties. Safe practice requires an understanding of the anatomy, physiology, and pathology of the pleural space and a working knowledge of the physics of vacuum and air flow. 1 Complications are more likely to develop if chest drains are used without appropriate knowledge and skill. Among the patients referred to our cardiothoracic surgical practice for management of complications arising from pre-existing chest drains, we have observed wide variations in many aspects of the management of such drains prior to referral. This may reflect the diVerent spectrums of thoracic conditions encountered by clinicians in diVerent specialties, and varying levels of experience in intercostal drainage. However, random observations made in our everyday practice suggested that even when a chest drain was used for a common indication such as drainage of closed pneumothorax, there seemed to be no consensus on the major issues regarding management of the drain. Furthermore, there appeared to be a general lack of unified guidance on the techniques of inserting chest drains. Consequently, many decisions on the practice of chest drains tend to be based more on personal factors than sound clinical evidence. We have therefore conducted a survey of current practice amongst consultants working in diVerent specialties in the Northwest region.
Materials and methods
A questionnaire on various aspects of the insertion and management of chest drains (box 1) was sent to all consultants practising in the specialties of Chest Medicine (CM), General Surgery (GS), Accident & Emergency (A&E) and Cardiothoracic Surgery (CTS) in the Northwest region. Closed-ended questions with the options of yes (Y), no (N), and abstention (A) were used whenever possible to simplify subsequent analysis of collated data. Questions were carefully worded so as to minimise misinterpretations.
Results were collated, analysed and presented according to the specialties. Each category of responses is expressed as a percentage of the total number of responders. 
INDICATIONS FOR USE
More consultants in CM and A&E had adopted formal guidelines for the management of chest drains than those in GS and CTS (p = 0.0065) (table 1) . Consultants in CTS and GS preferred to place apical chest drains for pneumothorax more often than their counterparts in CM and A&E (p = 0.0243). Similarly, more consultants in CTS, GS and CM would place a basal drain to evacuate intrapleural fluid than those in A&E (p = 0.0254) (table 1) . Consultants in CM and CTS had more experience in using ultrasound to guide the drainage of intrapleural fluid (p = 0.00516).
TECHNIQUES OF INSERTION
There seemed to be no major diVerences in the technical aspects of inserting chest drains between the four specialties (table 1), with the exception that fewer A&E consultants employed the trocar to penetrate the pleura than consultants from other specialties (p = 0.0206).
CARE OF CHEST DRAINS
Very few consultants prescribed prophylactic antibiotics to cover an indwelling chest drain, regardless of specialty (table 1) . CTS consultants applied suction to evacuate a pneumothorax much more readily than their colleagues in the other specialties (p < 0.001) and the most frequently used suction pressure was between 15 and 20 mmHg (table 1) .
INDICATIONS FOR REMOVAL
Most consultants chose not to remove an indwelling chest drain for pneumothorax purely on the basis of cessation of bubbling through the underwater seal, regardless of specialty (table 2) , although, unlike their counterparts, most GS consultants preferred routine chest X-ray confirmation of resolution before removing the drain (p < 0.001). Consultants in CTS and CM allowed for a longer duration of air-leak before considering further intervention compared to those in GS and A&E (p = 0.001) (table 2). There was no diVerence between the specialties in terms of the maximum volume of daily drainage which the consultants would allow before removing a drain for fluid (table 2) .
REMOVAL TECHNIQUES
The majority of consultants did not employ suction routinely while removing a drain although there was a tendency for suction to be more popular among those in CTS (p = 0.05) (table 2). More consultants in CTS and GS preferred the Valsalva manoeuvre during drain removal than their counterparts in CM and A&E (p = 0.02) (table 2).
Discussion
Guidelines are normally composed by experts to enable the less experienced to adopt a good and safe standard of practice. With regard to the use of chest drains, the various specialties targeted in the survey have adopted unit policy or guidelines to diVerent extents. This may reflect local and individual diVerences in the attitude towards medicolegal, training and case-load implications arising from the use of such guidelines. There has been much debate over the importance of siting an 'apical' chest drain to evacuate air and a 'basal' one for fluid as reflected by the findings of this survey. In general it is accepted that a drain of appropriate calibre (28 French gauge or larger for blood and 24 French gauge or larger for air and eVusion) placed in any position in the pleural cavity should restore negative pressure and re-expansion of the lung, expelling excess intrapleural air or fluid. 2 However, accurate positioning of the tip of the drain following insertion may expedite the process, particularly for loculated collections. Therefore it is often suggested that chest drains should be directed cephalad for the evacuation of free air and postero-basally for the drainage of fluid. During thoracotomy, there is additional opportunity for a right-angled drain to be directed toward the costophrenic angle so long as one avoids possible occlusion by diaphragmatic movements. 1 Our findings indicated that radiologically guided drainage of the pleural space was valued more by specialists in CM and CTS. This may reflect their greater experience in managing patients with loculated intrapleural collections, such as localised empyema and malignant eVusion, which can be drained more eVectively under the guidance of fluoroscopy, ultrasound or computed tomography scanning. 3 4 There is still much disagreement over which technique is ideally suited for inserting a chest drain. This perhaps indicates that any chosen technique has its inherent advantages and shortcomings and a didactic approach would not satisfy every clinical scenario. 1 It has been suggested that using a trocar to gain access to the pleural cavity can render the procedure dangerous. 5 Perhaps a safer approach is to make a thoracostomy through an incision and with blunt dissection to create a tract large enough to admit a finger so that the pleural cavity can be palpated prior to the passage of a drain through the opening. This minimises the likelihood of iatrogenic complications such as penetration of various thoracic [6] [7] [8] [9] [10] and abdominal structures 11 and is especially useful in trauma situations. Consequently this technique has been advocated by the advanced trauma life support course 12 and may account for the lower preference of using trocar penetration of the pleura among consultants practising in A&E. However, the dissection involved in this approach can produce more pain and since the tract is larger than the drain, leakage of pleural content may occur and nosocomial infection may result. 1 An astute clinician must therefore consider both the positive and negative attributes of a technique in every case. It has recently been highlighted that using appropriate equipment, including a pair of metal artery forceps, would further reduce morbidity from inserting chest drains. 2 This may apply particularly to hospital wards and accident and emergency departments where such fundamental items may not be available.
Intrathoracic infections, including empyema and pneumonia, are known to be encouraged by the presence of an indwelling chest drain. 13 14 However, the eYcacy of antibiotics given as prophylaxis against such complications has not been substantiated, 13 15 16 although there is some evidence of benefits in patients who presented with penetrating chest trauma. 13 It is perhaps not surprising therefore that very few responders to our survey routinely prescribed prophylactic antibiotics while a chest drain was in place.
There are significant diVerences between individuals and specialties in the use of suction drainage to evacuate intrapleural air. Our findings may reflect a greater experience of suction in cardiothoracic surgical practice. The advantages of closed suction drainage have been demonstrated, including quicker resolution of pneumothorax, shorter duration of chest drainage and hence hospital stay. 17 18 However, there is no agreement as to how much suction should be used. Some proposed high-pressure suction (−40 cmH 2 O) 19 whereas others favoured a more conservative approach (−10 cmH 2 O). 20 The most commonly used suction pressure has been reported as −20 cmH 2 O, 1 which agrees with our findings. We wish to emphasize the importance of avoiding potential pitfalls in suction drainage relating to either inadequate 20 or excessive air flow 21 through the system. If there is not enough flow through the system preventing lung expansion, the patient may be prone to developing atelectasis, tension pneumothorax, fluid accumulation or infection. 20 On the other hand, too much flow may perpetuate existing air leaks, increase air stealing leading to hypoxia 21 and excessive suction may on rare occasions trap portions of lung in the drain. 22 These problems may be compounded by the inexperience of the users.
Our findings exposed significant variations in the criteria used by diVerent individuals and specialties for removing an indwelling chest drain inserted to evacuate intrapleural air. This may reflect the diVerent emphasis being placed on the relative importance of the clinical, radiological and drainage signs of a resolved pneumothorax. There were also important differences in what was being regarded as persistent air leakage which requires further intervention. Although early intervention has been shown to benefit those with serious underlying lung pathology, 23 persistent air leakage per se is not an absolute indication for surgery. The essence of managing pneumothoraces is to ensure progressive and adequate lung reexpansion with regular monitoring by chest radiographs. The mere presence of a chest drain and bubbling in the water seal are not suYcient indicators of adequate treatment. Prolonged lung deflation in the presence of an indwelling chest drain provides the ideal environment in which complications such as empyema and cortex formation of the deflated lung may supervene.
A not infrequent complication which may follow the removal of an indwelling chest drain is recurrent pneumothorax caused by movement of atmospheric air into the pleural cavity. 18 This is more likely to occur if the patient breathes in while a drain is being removed. Both the Valsalva manoeuvre and the use of continuous suction during drain removal may minimise the risk of air entering the pleural cavity. Although evidence suggests that most recurrent pneumothoraces spontaneously resolve without complications, 24 one cannot reliably identify those who may need further intervention. Therefore we advocate the above manoeuvres as eVective measures to minimise the risk of an avoidable complication following drain removal.
In conclusion, the findings of this study demonstrate a diversity of views about the management of chest drains. Standardised protocols may minimise unnecessary complications, particularly for specialists less familiar with intercostal tube drainage.
We are grateful to Rocket Medical plc, Sherwood Davis & Geck, and SIMS Portex Limited for providing financial support.
